Geochemical data on dissolved major constituents in groundwater samples from Meng Xu area reveal the main processes responsible for their geochemical evolution. Inverse models were developed using PHREEQC to elucidate the chemical reactions controlling water chemistry. The inverse modeling demonstrated that relatively few phases are required to derive water chemistry in the area. In a broad sense, the reactions responsible for the hydro chemical evolution in the area fall into four categories: dissolution of CO 2 ; calcite dissolution; incongruent dolomite dissolution, dedolomization, ex-solution of CO 2 , and ion exchange. Apart from this process, there are others which influence the geochemical zoning of the system. The interaction of the CO 2 with the carbonate matrix of the aquifer produces an increase in the alkalinity of the water.
Introduction
The chemical composition of water at a spring or at an intermediate position in the Karst system depends on several factors including land use, recharge mechanism (diffuse vs. concentrated), climatic conditions, lithology and type of flow paths (diffuse vs. conduit). Different types of land use such as forests, grasslands or cultures modify the composition of infiltrating water, especially due to the use of fertilizers, but also by stimulating the decomposition of soil organic matter. A part of the water often infiltrates rapidly for example through swallow holes, by passing the soil zone and other protecting layers such as till. Rapidly infiltrating water generally has a low level of mineralization and may transport dissolved or particle-bound contaminants downward.
The time available for water-rock interactions, and hence the chemical composition of water, strongly varies depending on the flow path and storage location of the water. The flow path and residence time also influences the contaminant fate.
Inverse modeling begins with a known initial solution and available mineral phases, and attempts to quantify the processes that lead to the final solution chemistry. To do this, the model reconstructs all possible combinations of dissolution and/or precipitation reactions that explain the chemical changes observed between these two solutions and the mineral phases.
Recent references with applications of PHREEQC (PH Redox Equilibrium by C language) inverse modeling to geochemical problems include Uliana and Sharp [12] , who used inverse modeling to study groundwater evolution along the flow path and spring discharge under base flow and storm flow conditions; and Eary et al. [5] , who assessed water quality changes in connection with mining operations. Drever [3] includes a chapter on the use of popular computer codes to assess water quality problems through transport and reaction modeling.
Study area
Meng Xu town is located in Gui ping County with distance of 13km southwest from the city of Gui ping. The study area is about 30 km 2 in the range of 109°58'26"~ 110°01'43"E and 23°16'11"~ 23°19'00"N. The climate of the study area is subtropical with high temperatures, high humidity, and plenty of rainfall. The annual temperature is 21.4°C. Temperature is highest in July with an average of 28.6°C, and lowest in January with an average of 12.3°C. According to precipitation data collected in Gui ping rainfall stations, the average rainfall is 1745.1 mm per year and most rainfall concentrates in the period from April to September. The study area is mainly plain with low hills in southwest, northwest and southeast parts. The highest hill is Da ling shan in southwest part with elevation of 163.5m. The main Karst plain is about 35-40m in elevation. Yu jiang River, the largest branch of Zhu jiang River, runs in south and east boundary of the study area. Xiao jiang River, the only big tributary of Yu jiang River in this area, winds from west to east in the center part and pours into Yu jiang River near Yong jiang village, therefore, the study area is divided by Xiao jiang River as south part and north part. There are two tributaries of Xiao jiang River in this area named Bei xiao he River in north part and Nan xiao he River in south part.
Bedrocks in the MengXu town basin consist of granites, schist, dolomite, limestone and plagioclase mineral. The schist contains mostly quartz and is micaceous. Black slates are widely distributed in the studied area. Besides these, there are shales, sandstones and marls containing limestone. Soils in the studied area are calcareous.
Methodology
To analyze the chemical evolution of the water in the Meng Xu area, we considered three cases in the inverse models: the lithological variations inside the basin, the differences in slopes, and the affect of rainfall. The arrangement chosen for much defined inverse models in this study is presented in (Fig. 2) . Models run for the southeast part mainly on the runoff zone 5, the northwest part mainly the runoff zone 1, and others samples represented in the table 1 as references for comparison. The number of models obtained with each modeling run with PHREEQC depends on the accuracy of the chemical data. The best model selected was basically the one which had the largest number of mineral phases including all the secondary minerals (Kaolinite and quartz) that were likely by products of the involved incongruent weathering reactions. Model input files consist of field-measured pH, temperature, and the concentrations of major ions and dissolved cations (Ca 2+ and Mg
2+
). Mineral phases in the input files represent the minerals in the Karst rock which are prone to weathering. Specific phases used include K-mica and K-feldspar. Calcite and the dolomite were included in the possible reacting phases because the dissolved calcium is partly supplied by the dissolution of CaCO 3 in soils and loess-like sediments [4] .
Considering that they are the most common alteration products in these rocks, Kaolinite, and illite were chosen as phases likely to precipitate. CO 2 was included as a gaseous phase since it participates in most weathering reactions.
Pure water was incorporated as an additional phase to simulate evaporation or dilution. The inverse models were run using the phreeqc.dat thermodynamic database, which lists all the weathering reactions used by the model. Biotite, oligoclase, andesine, and water were defined and incorporated in the database.
Chemical equilibrium and saturation indices
The quality of the recharge water and its interactions with soil and rocks during its percolation and its storage in the aquifers are key factors in the chemistry of ground water. These interactions involve mainly dissolution and precipitation processes, which are controlled by the solubility products of the different involved mineral phases. Generally, the saturation indices (SI) are used to express the tendency of water towards precipitation or dissolution. The saturation indices (SI) of the sampled collected in this study were calculated for the major mineral phases using the software package (PHREEQC for windows version 1.5.08) [14] . The saturation indices of the whole water samples discussed below are summarized in table 3. Table 2 shows that all the water of the wells has equal super and under saturated state distribution with respect to the main carbonate mineral (calcite and dolomite). Calcite and dolomite represents the major sediments that built-up the geology of the study area. Quartz is another indicator for the effect of the geology of the water type.
The table 4 shows that the water of the springs and wells located along the runoff zone have not undergone a normal geochemical process because of the rainfall affect. The mixing models in aims to consider the rainfall in the water of above springs. The mixing could be done in the end sample of each segment of the flow path. The mixing process was firstly done by pure water just to check the reasonability of PHREEQC inverse modeling results, then the rain water was expressed by adding the P CO2 = 1 atm.
Materials and methods
Groundwater samples were collected from 41 representative open wells during July 2007. Electrical conductivity (EC) and pH were measured using digital meters immediately after sampling. Sampling was performed each time by collecting two samples in the field; The first well of water was kept as collected and the second was treated by adding HNO 3 in order to fix the metal ions content. All samples were then analyzed in laboratory for chemical constituents, 7 anions in original well samples were detected by using Ion Chromatograph (IC), and other cations were detected by ICP-MS.
Summary of water-rock react in study area
In the present area, we choose two main runoff zones: Southeast and Northwest runoff zones which represent the hydro geological conditions in the whole area. Fig. 2 shows that three long flow paths were considered; Flow path A reflects the hydro chemical evolution along the runoff zone 5 and represents the North West region.
As indicated above, springs 41, 39 and 32 constitute the main natural discharge from the aquifer. Although they are not strictly situated on the same flow path A, all represent the groundwater recharge from the carbonate aquifers situated north of the Xiao River, with Ca-HCO 3 type water. In the geochemical modeling carried out, sample 41 was considered as initial water, from which the geochemical processes typical of this sector of the aquifer system are evaluated. 2.38×10 On the contrary, in the second part of the flow path it appears that the solubility of CO 2 suddenly decreased around 66% and affected the dissolution of calcite and precipitation of dolomite which increased around 9% and 19% respectively; moreover, affected the concentration of Ca 2+ , Mg 2+ (Fig. 4, 6 and Table 1 ) which justify the slight dissolution of calcite and precipitation of dolomite. These results lead to the assumption that it is the discharge of groundwater into the river and the increase of temperature which also make the CO 2 release. On the other hand this is not strongly justified the last segment 5-42 has an inverse exchange between the river and the samples, and this maybe justifies the previous results. Besides, the existence of surface water in the way of the flow path which is shown in Fig. 2 , and the over saturation of the dolomite, are the main factors of this dolomitization and precipitation of the calcite in the region.
This flow path faces a normal geochemical process, and we can use it as a reference to explain the other two flow paths. Table 2 Saturation index of some samples in the northwest and southeast areas
The flow path C is the longest along the strong runoff zone in the southeast of the river. It becomes clear from Fig. 6 that in the first part of samples 19 to 10 the increased concentration of Ca 2+ and Mg 2+ together with the decreased solubility of CO 2 , the dissolution of calcite and dolomite (Fig. 3, Table 3 Mining works cause an exposition of the groundwater to the surface, and lead to a CO 2 release, while the dissolution of minerals (other than calcite) probably affect the subpart two of the first part of the flow path C. This results in the precipitation of carbonate and dolomite. The saturation indexes of calcite and dolomite (Table 9) prove that such a process is not reasonable to be a normal geochemical one. The second part 10-3 has a similar geochemical process describing flow path B. On the other hand, sample 3 collected from the river shows that despite the continuing decrease of Ca 2+ and Mg 2+ concentrations, the dolomite slightly dissolves while calcite precipitates due to the ion exchange of other minerals that leads to an over saturation. Moreover, the inverse exchange from the river to the samples, maybe justifies also the previous results.
Finally, the third flow path in the northwest strong runoff zone is that of A. The result of the geochemical process shows a low solubility of dolomite which cannot give clear view (Fig. 4) . Nevertheless, a conclusion can be drawn but from the unreasonable hard precipitation of calcite in the first part of the flow where a strong runoff zone hinders the realization of this formation. Also SI (Table 7) shows a strong change to negative values for calcite and dolomite, which is an index of precipitation, proving the existence of another factor in this region. Maybe this is related to the mining works or the rainfall. Those models also require the input of CO 2 in the groundwater, as the system is considered as closed to atmospheric CO 2 . If we consider the rainfall which consists of pure water and CO 2 , affect the groundwater flow path with mixing fraction of 0.9:0.1, which seems too large rainfall fraction cause of the water close to the ground level (1 to 2m depth), the result changed to show us the dissolution of both dolomite and calcite with the decreasing of CO 2 solubility and that prove the rainfall effect (Table 5, 6 ) and ignore the possibility of the of mining residuals existence. 
Conclusion
The inverse modeling-exercises illustrate the influence of Lithology on the water chemistry of MengXu. We found differences between the models developed in the limestone area and those produced for the metamorphic region. CO 2 consumption is important everywhere, particularly in the lower basin where a total 2.11×10 -3 mol/kg H 2 O are transferred in June (dry season). In relative terms, however, consumed CO 2 is more important in the upper basin.
There are no indications of the existence of an environment favorable to the precipitation of calcite (i.e., carbon sequestration through weathering). Moreover, high CO 2 partial pressure determines the dissolution of calcite, which is most likely supplied through Aeolian pathways. The precipitated phases were mainly Kaolinite in the granite area and illite in the metamorphic zone. The results obtained show that chemical weathering is similar all along the metamorphic area, but the intensity is linked to relief: the slope of the lower stretch allows a longer residence time for the water and a more complete rock-water interaction, which clearly results in increased weathering. PHREEQC inverse modeling also suggested that the concentration of transferred phases (mol/kg H 2 O) is higher during periods of restricted rainfall. In contrast, the fluxes of transferred moles after the period of more intense rainfall (summer) is considerably larger than in winter and spring.
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